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Knock-1imited small-scale-engine teste were made of
1,3,5-trimethylbenzene, tert-butyl‘benzene, and 1,2,4-trimethylbenzene
'blenﬂ.ed individually in Various concentrations with selected base
fuels. Data were obtalned for the sramatics to determine: (a) the
blending sensitivity, (b) the lead susceptibility, and (c) the sen-
8itivity of the blends to inlet-air temperature. Published full-
scale-cylinder data for the aromatics are presented for comparative
purposes.

The data indicate that tert-butylbenzene was usuelly more effec-
tive than 1,3 5—t|:"lme'bhyl'benzene in increaesing the knock-limited power
of the base fuels at lean mixtures; 1,3,5-trimethylbenzens was more
effective at rich mixturea. 1,2 ,4-!Erimethylbenzene decreased the
knock-limited power of the base fuels at lean mixtures under all con-
ditions tested and was never so effective as the other two aromatics
in the rich reglon.

INTRODUCTION

An investigation to determine the effectliveness of aromatic
hydrocarborns as antiknock blending agents for aviation fuels is being
conducted by the NACA at the Cleveland laboratory. A comprehenslve
description of the program and its over-all objectives are presented
in reference 1. In brief, the program conslsts in determining:

(a) the blending sensitivity of the aramatic in base reference fuels,
(b) the lead susceptibility of the aramatic blends, (c) the sensi-
tivity of the aramatic blends to Inlet-air temperature, and (d) the
coarrelation of full-scale and small-scale engine results.
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Samples of several arcmatic hydrocarbons were synthesized, or
purchased, and purified in the Organic Synthesis Section of the Fuels
Egch aromatic, after purification, was

and Lubricents Divislon.

individually blended with selected base fuels.

Knock-1imited per-

formance data obtained with F-3, P-4, end 17.6 engines for six of the

eromatics are presented in references 1 and 2.

Similar small-scele-

engine data for 1,3,5-trimethylbenzene (mesitylene), tert-butylbenzene,
and 1,2,4-trimethylbenzene (pseudocmene) are presented in this report,
vhich 18 part III of a series of five reports covering the above pro-
gram. In references 1 and 2, as well as in the present report, R-1820
G200 single-cylinder-engine data from reference 3 are 1included to
facilitate comparison of small-scale and full-scale engine results.

APPARATUS, FUELS, AND TEST PROCEDURE

A description of the engines and the engine conditions used for
the tests may be found in reference 1 for the 17.6 engine, the
F-3 englne, and the "research" F-4 englne.
package unit but is operatéd under F-4 test conditions and called the
F-4 englne throughout this series of reports.

The F-4 engine 1s not a

The physical constante for purified samples of the three aro-
matics tested-are presented in the followling table and serve to
indicate 'the purlity of the samples used:

e Freezling,Bolling|Index of |[Denslty
Aromatic point Ipoint |refractionlat 20° C
(°c) (°c) nnzo (grem/ml)
1,3,5-Trimethylbenzene| -45.30 164.9 1.4990 0.8649
tert-Butylbenzene -57.96 169.2 1.4926 .8663
1,2,4-Trimsthylbenzens| -44.27 | '169.4| 1.5048 .8757 .

The composition of the test fuel blends and an outline of the
tests with the 17.6 and F-4 engines are glven 1n the following

table:
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Inlet-air | Percen :
Engine temperatm' arocmatic’ Base Fuel lead in ..
no -(oF) in-blend | °- -« « | final blend -
—— | (ml/gal)
. L 25 ’ 2 0
100 0,20 8e3 0
250 0,10,20 8-3 4
100 0,20 g-3 4,
250 0,25 =~ |85% 8-3-+ 15% M-4 4
2100 0,25 85% 8-3 + 15% M-4 4
F-4 225  10,10,25,50 |85% 8-3 + 15% M-4 1

Whenever quantity permitted, the blends were also tested Iin the
¥-3 englne. -

PRESENTATION AND DISCUSSION OF RESULTS

The results are prosented and discussed in two principal
divisions: (a) F-4 ard F-3 engine data, and (b) 17.6 engine data.
An index of flgures showing in detall the order of discussing tosts
and results in this paper is given in table I.

F-4 and P-3 englne data, - The knock-limited performance of
the base fuel (85 percent 5-3 plum 15 percent M-4 plus 4 ml TEL/gal)
in the F-4 englne 1s presented in figure 1 (reproduced from fig. 7
of reference 1), and the results for blends of 10, 25, and 50 percent
arcmatics with this base fuel are shown in figures 2, 3, and 4 for
1,3,5-trimethylbenzene, tert-butylbenzene, and 1,2,4-trimethylbenzene,
respectively.

Figures 5, 6, and 7 are graphs showing the variation of kmock-
. ’ o lmep of arcmetic blend

. 1imited imep ratio ('.Unep ratio = 1E0R O Sremenic be ) with
aropatic concentration for the blends tested with the F-4 engine.
The antiknock qualities of the three aramatice, when tested at
relatively severe englne conditions (F-4),.are well illustrated in
these figurea. At lean fuel-air mixtures, the knock-limited per-
formance of the aromatic blends -was poor in comparison with that of
the base fuel; at rich mixtures, additions of 1,3,5-trimethylbenzene
or tert-‘butylbenzene resulted in large percentage increeses in the
Imock~1imited power of the tase fuel. As the eromatic concentra-
tlon was changed from 25 to 50 percent, at a fuel-air ratio of 0.10
the rate of increase in the knock-limited imep ratio increased.
This rate of increase, also observed for other aromatics (refer-
ences 1 and 2), was of a much greater magmitude for 1,3,5- trimethyl-
benzene and tert-butylbenzene than for 1,2,4-trimethylbenzens.
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The E-4 and the F-3 ratingsoof the various blends are recorded
in table.Il in.texms of S-3 plus tetrasthyl leéad or octane number;
all ratings &are also given as accepted Army-Navy performence numbers.

I7.6 engine date.. - The knock-limited performence in the
17.6 engine of blends containing the arcmatics with either the 8-3

* reference fusl or the S-3 plus M-4 base fuel are presented in fig-

ures 8 to 10 for 1,3,5-trimethylbenzene, in figures 1l to 13 for
ltert-butylbenzene, and in figures 14 to 16 for 1,2,4-trimethylbenzens.
The data are presented in the following order for each aromatic:
unleaded blends with S-3, leaded blends with S-3, and leaded blends
with the S-3 plus M-4 base Puel; inlet-air temperatures of 250° and
1000 F were used. This order conforms with that in which the tests
were conducted. Each graph presents data obtained during a singile

operating day.

In unleaded S-3 blends at an inlet-air temperature of 250° F,
additions of 1,3,5-trimethylbenzens (fig. 8(a)) and tert-butyl-
benzene (fig. 11l(a)) falled to increase the knock-limited power of
the base fuel at fuel-ailr mixtures leaner than 0.07, but substantial
rich- n% ure improvements were observed. At an inlet-alr temperature
of 100" F (f:lgs. 8(p) erd 11(b)), both arcmatics were effective
antiknock agents at all fuel-air ratios tested. 1,2,4-Trimethyl-
benzens (fig. 14) acted as a proknock agent at fuel-air ratios
below 0.105 at the higher inlet-air temperature and at fuel-alr
ratios below 0.08 at the lower inlet-alr temperature.

In loaddd blends with S-3 at an inlet-air temperature of 250° F,
additions of ' 1,3,5-trimethylbenzens (fig. 9(a)) and tert-butyl-
benzene (fig." 12(a.)) iricreased the knock-limited power of the base
fuel at all fuel-air ratics tested. The lead response of blends
containing these two arcmatics was also noted at an inlet-alr tem-
perature of 100° F. (Ses figs.. 9(b).and 12(b).) At both inlet-
alr temperatures-and with few exceptions, greater percentage
decreases in.knockilimited -power relative to the base fuel were
observed for the leaded (fig. 15) than for the unlesded (fig. 14)
1,2,4-trimethylbenzene 'blends.

The knock-1intted perfor:mnce of the 25-percent leaded blends
of the aromatics with ths S-3 plus M-4 base fuel at inlet-air tem-
peratures of 250° and 100° F ere presented in figures 10, 13, and
16. The additiorn of either 1,3,5-trimesthylbenzens and 'Lart-'butyl-
benzerne ircroesed the kriock-liyited power of the base fuel at all
fuel-air raetios tested and for both iniet-air temperatures.
1,2,4-Trimethylbenzene decreased the knock-limited power of the
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base fuel at fuel-air ratios below 0.08 at the higher inlet-air
temperature and at fuel-air ratlos below 0.07 at the lower inlet-
air temperature. oo . }

In goneral, tert-butylbenxzene was more effective in 1ncreasing .
the knock-lmited indicated mean. effective pressures of..the base
fusis at lean fuel-alr mixtures than was 1,3,5-trimethylbenzens,
which was in most instances more effective at rich fuel-alr mixtures.
In contrest to these two aramatic hydrocarboms, 1t should be noted
that 1,2,4-trimethylbenzene decreased the knock-limited power of
the 'ba.se fuels at lean mixtures under all conditions tested and wvas -
never so effective as the other two aramatics at rich mixtures.

Figures 17, 18, and 19 are graphs of knock-limited imep ratio
against aramatic concentration for the blends of the aromatics with
8-3 tested in the 17.6 engine. The ccmparative effect -of the
addition of each of the aromatic hydrocarbons at fuel-alr ratios

.of 0.07, 0.085, and 0.10 es well as the effect of inlet-air temper-

ature and tetraethyl-lead additions are shown by these data. The

- trends are in general agreement with those in figures 5, 6, and 7.

The temperature sensitivities of the aramatic blends relative
to that of the base fuel are summarized in table ITI. With few
exceptions the arcmatic blends were more sensitive to changes of
inlet-alr temperature then were the base fuels although, as the
fuel-air mixture was enriched, the temperature sensitivity of the
eromatic blends in most cases approached that of the base fuel.

Data on the lead susceptibility of the aromatic blends relative
to that of 8-3 reforence fuel are given in table IV. Tho lead sus-
ceptibllities of blends contalning 1,3,5-trimethylbenzene or
tert-butylbenzene were in nearly all cases greater than that of
5-3 reference fuel. The response of 1,2,4-trimethylbenzene blends
to an addition of tetraethyl lead wes, with some exceptions, less
than that of S-3.

of engine date. - A summary of the knock-limited data
obtained with the 17.6 engine, the full-scale cylinder (from ref-
erence 3), and the F-4 engine 1s presented in table V. In order to
calculate the knock-limited imep ratios presented thereln, 1t was
necessary to determine the dally performance of the base fuel.
Because the 8-3 plus M-4 base fuel was not tested each day in the
¥-4 engine, the daily knock-limited. performance curve for this fuel
was estimated from the available daily performance of S-3 and §-3 plus
tetraethyl lead and from the data in figure 1.




6 NACA ARR No. E5D16

P

SUMMARY OF RESULTS
From knock-1imited tests of fuel blends containing 1,3,5-tri-
methylbenzene, tert-butylbenzens, or 1, 2,4~ trimethylbqnzene, the
following results were o'bta.ined.- :

1., tert-Butylbenzene was usually more effective than 1,3,5~
trimothylbenzene in increasing the knock-limited power of 'l:he base -
fuels at lean fuel-air mixtures; 1,3,5-trimethylbenzene was more
effective at rich mixtures. 1,2,4-Trimethylberizene decreased the
knock-limlted power of the base fuels at lean mixtures under all
conditions tested and was never so effective as the other two
aromatics in the rich reglon.

2. The knock-limited performance of the aromatic blends was
gonerally more sensitive to changes of inlet-alr temperature than
that of the base fuels.

3. The .data indicate that blends containing either 1,3,5-tri-
methylbsnzene or tert-butylbenzene had greater load susceptibilities
than S-3 reference fuel; blends containing 1,2,4-trimethylbenzens
had lower lead susceptibility than 8-3 in most cases.

Alrcraft Englne Research leboratory,
Natlonal Advisory Committee for Aeromautics,
Cleveland, Chio
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’ TABLE I. - INDEX CF FIGURES
Inlet-
Percentage Lead air
Figure Compound laromatic in Base fuel concen- | temper-
: the blend tration|ature
(ml/gal)| (°F)
F-4 engine (knock-limited imep against fuel-alir ratlo)
1 fooemmemmmmmmmm—- 0 85% S-3 + 158 M-4| 4 225
2(a) [1,3,5-Trimethyl- 10 85% S-3 + 15% M-4 4 225
(b) benzene 25
(c) _ 50 _
3(a) | tert-Butylbenzene 10 85% S-3 + 15€ M-4 4 225
(b) ' 25
(c) 50
4(a) |1,2,4-Trimethyl- 10 85% S=3 + 15% M-4 4 225
(v) benzene 25
(c) 50
P-4 engihe (knock=-limited imep ratio against aromatic concentration)
5 1,3,5~Trimethyl- [0,10,25,50 [85% S-3 + 15% M-4 4 225
benzene
6 tert-Butylbenzene [0,10,25,50 |85% S-3 + 15% M-4 4 225
7 1,2,4-Trimethyl- }0,10,25,50 |85% S-3 + 154 M-4 4 225
benzene
17.6 engine (knock-limited imep against fuel-air ratio)
8(a) | 1,3,5-Trimethyl- 0,10,20 S=3 o} 250
(b) benzene 0,20 100
9(a) [ 1,3,5-Trimethyl- 0,10,20 S=3 4 250
(b) benzene 0,20 100
10 ° |1,3,5-Trimethyl~ 0,25 85% S=3 + 154 M~4 4 250
benzene
11(a) | tert-Butylbenzene 0,10,20 s-3 0 250
vy | = 0,20 100
12(a) | tert-Butylbenzene 0,10,20 S=3 4 250
(b) 0,20 100
13(a) | tert-Butylbenzene 0,25 85% S~3 + 15% M-4 4 250
. (b) 0,25 100
14(a) | 1,2,4-Trimethyl- 0,10,20 8-3 0 250
(b) | benzene 0,20 100
15(a) | 1,2,4-Trimethyl- 0,10,20 S=-3 4 250
(v) benzene 0,20 100
16(a) [ 1,2,4-Trimethyl- 0,25 85% 8-3 + 15% M-4 4 250
(b) benzene 0,25 100
17.6 engine (knock-limited imep ratio agalnst aromatic concentration)
17 1,3,5Trimethyl- 0,10,20 8=3 0,4 250,100
S benzene ’ a : :
18 tert-Butylbenzene 0,10,20 8=-3 0,4 250,100
19 1,2,4=-Trimethyl- 0,10,20 8-3 0,4 250,100
benzene )

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS




TABLE IT - -4 AND F-3 RATINGS OF 1,3,5-TRIMETHYLBENZENE

teyt-BUTYLBENZENE, AND 1,2,4-TRIMETHYLBENZENE BLENDS

Blend composition |Tetra- F-4 ratings F-3 ratings
(percent by volume) |ethyl Tean Rich §-3 + |Porform-
Pure |5-3 185 per- J(';T} S-3 + |Perform-|S-3 + |Perform-{ml TEL|ance
Campound aro- |[refer-fcent S-3 1) ml TEL lance ml TEL{ance number
maticjence |plus 15 |&2 number number
fuel |percent
M-4
Bage fuel 0 0 100 4 0.36 112 0.26 109 0.39 113
1,3,5-Trimethylbenzene| 10 0 90 4 0.37 112 1,55 134 0.53 117
tert-Butylbenzene 10 0 90 4 .87 123 1.28 130 .63 119
1,2,4-Trimethylbenzene| 10 0 90 4 .20 107 .05 102 .18 107
1,3,5-Trimethylbenzene! 25 0 75 4 0.32 111 26,00 {m=mcmean 0.76 121
tert-Butylbenzene 25 0 75 4 .98 125 5.72 160 L7 122
1,2,4-Trimethylbenzene| 25 0 75 4 .00 100 .31 111 898.8 96
1,3,5-Trimethylbenzene| 50 0 50 4 0.50 116 26,00 |--=-mcenf cmeomn | e
tert-Butylbenzene 50 0 50 4 .45 114 26,00 l-cmoeen- 0.80 122
1,2,4-Trimethylbenzene| 50 0 50 4 .13 105 3.71 151 898.0 93
1,3,5-Trimethylbenzene| 10 90 0 R B s T B e 3.50 150
tert-Butylbenzene 10 90 0 4 Jeccmcafrmecmmar e cmem e 3.77 151
1,2,4-Trimethylbenzene| 10 20 0 L Dl i D Dttt 2425 141
tert-Butylbenzene 20 80 0 4 s LT B B 2.43 142
1,2,4-Trimethylbenzene| 20 80 0 T RO NS R P R [ —— .72 121
tert-Butylbenzene 10 90 0 0 |emeecejecmccaceleccmea]carcnaa= ag9g.5 98
1,2,4-Trimethylbenzene] 10 90 0 (o T [Py (SO PN P ag7.2 91
tert "Butylbenzene 20 80 o 0 mmm . Cacacemcenw | e a- L RE L B 2T T 899 .8 99
1,2,4-Trimethylbenzene{ 20 80 0 (o JUN (NPUSVIPCRUI NPUPRIPIVY PRIV Uy, ags.8 87

80ctane number.

National Advisory Committeo
for Aercnautics

*ON Y¥V VOVN
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TABLE IT - TEMPERATURE SENSITIVITY OF 1,3,5-TRIMETHYLBENZENE, tert-BUTYLBENZENE, AND

1,2,4-TRIMETHYLBENZENE BLENDS RELATIVE TO THAT OF THE BASE FUELS

ﬂ?.s engine; compreasion ratio, 7.0; engine speed, 1800 rpm;
outlet-coolant temperature, 212° F; spark advance, 30° B.T.C.]

Blend camposition Tetra- Relative temperature
_ (percent by volume) ethyl gensitivity®
- Compound Pure S-3 refer-{85 percent (;i?dal) Fuel-air ratio
' aromaticjence fuel |S-3 plus 15 &
ercent M-4 0.06510,07]C.085}0.10]C.11
S-3 0 100 0 0 1.00§1.00{ 1.00}41.0011.00
1,3,5-Trimethylbenzene 20 80 0 0 1.26}1.22) 1.21{1.1711.06
tert-Butylbenzene 20 80 0 0 1.3111.29] 1.22{1.23}41.13
1,2,4-Trimethylbenzene 20 80 0 0 1.10{1.10| 1.12§1.13§1.05
s-3 0 100 - 0 4 1.00{1.00} 1.00{1.00§1.00
1,3,5-Trimethylbenzene 20 c 0 4 1.24|1.21} 1.20{1.11}1.05
tert-Butylbenzene 20 80 0 4 1.0411.05f 1.06}1.04}1.01
1,2,4-Trimethylbenzene 20 80 0 4 1.04§1.02] .99}1.00{1.01
85 percent S-3 + 0 0 100 4 1.00(1.00{ 1.00}1.00{1.00
15 percent M-4 '
1,3,5-Trimethylbenzene 25 0 75 4 | eema- ROt EEE L e Bt
tert-Butylbenzene 25 0 75 4 1.18{1.25} 1.15(1.09}1.07
1,2,4-Trimethylbsenzene 25 0 75 4 1.1211.08f 1.03}1.01}11.01

National Advisory Commlittee

for Aeronautics

SRelative temperature sensitivity =

imep ot aramatic blend (inlet-air temperature, 100° F)

imep of aromatic tlond (inlet-air temperature, 250° F)

imep of base fuel (inlet-air temperature, 100° F)

imep of base fuel (inlet-air temperature, 250° F)

imep ratio (inlet-air temperature, 100° F)

imep ratio (inlet-air temperature, 250° F)

*ON ¥dV VOVN
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TABLE I - LEAD SUSCEPTIBILITY OF 1,3,5-TRIMETHYLBENZENE, tert-BUTYLBENZENE, AND

1,2,4-TRIMETHYLBENZENE BLENDS RELATIVE TO THAT OF S-3 REFERENCE FUEL

@7.6 englne; compression ratio, 7.0; engine speed, 1800 rpm;
outlet-coolant temperature, 212° F; spark advance, 30° B.T.C,

Inlet-air Composition Relative lead susceptibility®
temperature|(percent by volume)
Compound (OF) Fuel-air ratio
Pure {5-3 refer-
aromatic)ence fuel [ 0.065}0.07 | 0.085}0.10 ;1 0.11
S-3 250 0 100 1.00 }1.00 §1.00 {1.00]1.00
1,3,5-Trimethylbenzene 250 10 9C 1.04 {1,05}11.09 |1.01|0.97
tert-Butylbenzene 250 10 90 1.14 §1.12}1.07 |1.04 | .99
1,2,4-Trimethylbenzene 250 10 ¢ 90 1.00 }J1.01}{1.02 | .96 .93
1,3,5-Trimethylbenzene 250 20 80 1.12 1.13}11.15 {1.10}1.04
tert-Butylbenzene 250 20 80 1.39 1.37§1.21 {1.18 }1.11
1,2,4-Trimethylbenzene 250 20 80 . .98 11.0211.04 } .981 .90
S-3 100 0 100 1.00 {1.00}{1.00 {1.00 | 1.00
1,3,5-Trimethylbenzene 100 20 80 1.10 11.11{1.14 11.05}1.03
tert-Butylbenzene 100 20 80 1.10 {1.11{1.05 1,00} .99
1,2,4-Trimethylbenzene 100 20 80 .92 .95 .92 | .88 .86

8Relative lead susceptibility

" imep of arcmatic blend (with 4 ml TEL/gal)

imep of aramatic blend (with O ml TEL/gal)

Natlional Advisory Committee

for Aeronautics

imep of S-3 (with 4 ml TEL/gal)
imep of S-3 (with O ml TEL/gal)

imep ratio of aramatic blend (with 4 ml TEL/gal)

imep ratio of aromatic blend (with O ml TEL/gal)

“ON HdV VYIVN
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TABLE'Y. - SUPENCHARGED-ENGINE TESTS OF BLENDS CONTAINING 1,3,5-TRIMETHYLBENZENE, tert-BUTYLBENZENE, OR 1,2,4-TRIKETHYLBENZENE

=
»
(g
PFuel composition Engine Test results >
Blend composition Tetra- conditions Fuel-alr ratio
(percent :V '°1:'5" $thYl  [MEnglne| Inlet- 0.065 0.07 0,085 0.10 0.11 ;
° 8- percent spead | alr tem~- | ime ime ime ime imep | ime ime imep imep |{imep
Compound mromatic |reference | S-3 plus {m2/gal) {rpm) perature P rat};oa P rutgo' ? ratgoa P ratiod ratio® 20
fuel 15 percent {OF) I
M-4 x
17.6 engine o
1,3,5-Trimethylbenzene 10 90 0 0 1800 250 116 | 0.96 121 | 0.98 144 | 1.03 178 | 1.15 103 | 1.21 *
tert-Butylbenzene 10 80 [o] o] 107 .98 110 1.00 135 | 1.05 169 | 1.12 163 | 1.19
I,ﬁ,(-l‘rllechylbonzone 10 90 4] o} 96 .9 99 .93 120 +95 148 .99 154 1.01 m
1,3,5-Trimethylbenzene 20 80 o] o] 1800 250 112 0.91 116 0.85 151 1.08 | 198 }.]2.7 ggg i.;Z g
tert-Butylbenzens 20 80 Q o] 104 95 105 .95 139 1.08 173 15 «27
T,2,4-Trimethylbencene 20 80 0 o] 91 .87 92 .66 115 91 143 96 160 | 1.05 ;
1,3,5-Trimethylbenzene 20 80 0 0 1800 100 170 | 1.15 168 | 1.16 2068 [ 1l.31 238 | l.48 244 | 1.52
tert-Butylbenzene 20 80 o] o 176 1.24 172 1.23 199 1.32 224 1.41 226 1,43
I.E,i-h‘imethylbons.ne 20 80 [¢] 4] 135 .96 132 .95 153 1.02 172 1.07 177 1.10
1,3,5-Trimethylbenzens | : 10 90 0 4 1800 250 188 | 1,00 205 | 1.03 251 | l1l.12 286 | 1.16 201 | 1.17
tert-Butylbenzene 10 90 [} 4 208 | l.12 217 | 1l.1l2 252 | l.12 286 | 1.1l6 292 | 1.18
1,2,4-Trinethylbenczene 10 90 0 4 170 .91 185 94 221 97 234 .95 232 .94
1,3,5=Trinethylbenzene 20 80 o] 4 1800 250 192 1.02 211 1.07 278 1.24 344 | 1.40 364 1.47
tert-Butylbenzene 20 80 0 4 245 1.52 252 1,30 293 1.31 334 1.36 350 1.41
1,2,4~Trimethylbenzene 20 80 0 4 159 .85 173 .88 215 .95 232 9 231 04
1,3,5-Primethylbenzene 20 80 [+] 4 1800 100 335 1.26 340 .C9 400 | 1.49 419 1.55 413 1.56
tert-Butylbenzene 20 80 0 4 36€ 1.37 360 1.36 377 1.39 384 1.41 380 1.42
1,2,4-Trimethylbenzene 20 80 4] 4 232 .88 235 .90 253 +94 255 .94 285 «95
1,3,5-Trimethylbenzens 25 o] 75 4 1800 250 139 1.13 1€l 1.22 228 1.45 270 l.58 280 1.€6
tert-Butylbenzene 25 o] 75 4 159 | 1.24 165§ 1.22 214 | 1.34 242 | 1l.41 245 | 1l.44
1,2,4-Trimcthylbenzene 25 o] 75 4 113 .86 127 .92 1€e2 | 1.0 179 | 1.03 177 | 1.05
1,3,5-Trimethylbenzene 25 . 0 75 4 1800 100 | s-wee|------ L P R erermlocecan
tert-Butylbenzens 25 o] 75 4 232 | 1.4€ 241 1.22 268 | 1l.54 2751 1.5¢ 271 | 1.54
1,2,4-Trimethylbenzene 25 o] 75 4 156 .96 161 .99 184 { 1.04 1881 1.04 188 | 1.06
i Full-scale cylinder (data from refsrence 3)
1,3,5-Trimethylbenzene 25 [b] 75 4 2500 250 164 1.19 196 1.25 304 1.63 371 1,72 |=e=== ——maee
tert-Butylbenzene 25 o] 75 4 192 1.24 204 1.30 281 1.50 331 1.55 352 1.52
1,2,4=-Trimethylbenzene 25 [} 5 4 136 .88 136 .87 208 | 1.11 238 | 1l.10 265 | 1,10
1,3, 5-Trime thylbenzene 25 [¢] 75 4 2000 210 199 | 1.34 210 { 1,39 282 | 1,54 344 | 1l.62 372 | 1l.64
tert-Butylbenzene- 25 [+] 75 4 220 1.49 225 1.49 287 1.57 331 1.55 338 1,49
I,E,i-l‘rilﬂthylbenzene 25 o] 75 4 110 74 132 .87 193 1,05 229 1,08 244 1.07
F-4 engine
1,3,5-Trimethylbenzene 10 0 90 4 1800 225 114 | 1,09 128 | 1,10 171 | 1.13 197 | 1l.16
S . . . . 205 | 1.18
tert4Butylbenuno 10 0 90 4 137 1.06 147 1.0€ 180 | 1l.10 197 1.14 201 1.1
II,:,S::rino::yi:mzene ;g 0 90 4 120 .92 134 .95 1€0 .98 169 .98 170 .97
»3,5=Trinethylbenzene o] 75 4 1800 22% . .
tert-Butylbenzene 25 ] 75 4 122 1 .;’.; igg 1 .g'? ;gé i:gg gig %:23 gg }.::3
;,:,;—::ina::yi:onuno i(s) [+] 75 4 i 101 .81 117 .85 161 1.02 174 1,03 176 1,02
[ nethylbenzene 0 50 4 1800 2295 02 | 120) 1.04 | 242 | 1.61 |b4g80 |P2.86 |===== .
tert-Butylbenzene 50 0 50 4 29 el R il B el B et bggg bg:gg w52 | 2,88
1,2,4-Trimethylbenzens 50 o} 50 4 100 .81 114 .83 16€ | .1.04 20€ | l.21 230 | 1.34
a inep of aromatic blend
L = —IP—_T—T_
-:: ;::z:nt . :;{’u:r‘b:;',{; o .i Fo:lth:hble:ds tested in the 17.6 englne, the base fuel was S-3, S-3 plus 4 ml TEL/gal, or 85 percent S-3 plus
- tlL/gal; in all other instances, 85 percent S5-% plus 15 parcont M-4 pl: o
PEstimated. ’ ’ o P pareen plus 4 &l TEL/gal was used. NATIONAL ADYISORY )

COMMITTEE FOR AERONAUTICS
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Figure 1. - Enock-limited performance of 85 percent S-3 plus 15 percent M-4 plus

4 ml TEL per gallon in an F-4 engine.

(Reproduced from fig. 7 of reference 1.)
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(a) 10 percent 1,3,5-trimethylbenzens plus 90 percent (85 percent S-3 plus 15 percent M-4)
plus 4 ml TEL per gallon.

Figure 2. - Enock-limited performance of blends containing 1,3,5-trimethylbenzene in an F-4
engine.




PA

R,
isfc, 1b/hp-hr

Knock-limited imep, 1b/sq in.

NACA ARR No. ES5DIG Fig. 2b
LRAE AREA NSRS RREEE LEARE AREAN REARAR AARES RAREE RALRA B 70
1.1 NATIONAL ADVISORY D
COMMITTEE FOR AERONAUTICS L] a
E T | . 3
1.0 L — VT g
. 4 —R &
- . e - r/ -
- e
3 — % R
.9 n/ @z ‘50 n::
- o V4 ( ] H
- ,/ :1 B.
3 ¢ 1 5
3 Vi ] 3
28 : Juo &
L ] 2
- ©, i s
3 ¥ i 3
- -~ ] b
F & y. 1,0 3
280 n \ ﬁ/ / '30:
L \ b b |
E N > - N o4 1 4
N = — ® 4 2
S N P ] ~
260 f—61 —op //O 12
- = .
» s’ e v :
2’40: = £ y 3
. [ /VO .
3 “ 4 / h
[ o ]
o4 ]
220 f—g—o2 e A 1
L — 7/ 3
[ // p
200: 2 :
E Fyel 3
A ]
o o 5 mpeent] 1,3 p-trimethyilbengene -
- + 76 perleent [(85 dercent s-3 + 3
. T 12 1 3
150: X = 3 .
- O 7 H 0.5 ml TEL/zall 3
o v x4+ 6 p J
160 F / .
F .
ok .
o } c 3
5 N ]
120 |- 7 .
3 / °U° ;
- ./ 7
o \ A b
- L \L_/’o ’/': ;
100: \ / d E
- . 04 3
o VL 3
» o ]
. N\o .l |, 3
so bl Cv: SR FWEWE FUUYS FUUTY FUUVE SUTRE SUTYE FEUEY SYTY1 EVYY FYYY PWETI SRNS (X oxd SN0
05 .06 .07 .08 .09 .10 .11 .12 .13 .14

Fuel-air ratlo

(b) 25 percent 1,3,5-trimethylbenzens plus 75 percent (85 percent S-3 plus 15 percent M-4) plus
4 ml TEL per gallon.

Figure 2.
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(¢) 50 percent 1,3,5-trimethylbenzene plus SO percent (85 percent S-3 plus 15 percent M-4)
plus 4 ml TEL per gallon.

Figure 2.
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(a) 10 percent tert-butylbenzens plus 90 percent (85 percent S-3 plus 15 percent M-4) plua
4 ml TEL per gallon.
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(b) 25 percent tert-butylbenzene plus 75 percent (85 percent S-3 plus 15 percent M-4) plus 4 ml TEL
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(2) 10 percent 1,2,4-trimethylbenzene plus 90 percent (85 percent S-3 plus 15 percent M-4)

plus 4 ml TEL per gallon.

Figure 4. - Knock-limited performance of blends containing 1,2,4-trimethylbenzene In an

F-4 engine.
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(v) 25 percent 1,2,4-trimethylbenzene plus 75 percent (85 percenmt S-3 plus 15 percent M-4)

plus 4 ml TEL per gallon.
Flgure 4.
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Figure 15. - Knock-limited performence of blends of 1,2,4-trimethylbenzene and S-3 reference
fuel plus 4 ml TEL per gallon. 17.6 engine; compression ratio, 7.0; engine speed, 1800 rpm:
spark advance, 30° B.T.C.; oublet-coolant temperature, 212° F.
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(a) Inlet-air temperature, 250° F.
Figure 16. - Knock-limited performance of blends of 1,2, 4-tr1methylbenzene and 85 percent
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17.6 engine; compression ratio, 7.0;

engine speed, 1800 rpm; spark advance, 30° B.T.C.; outlet-coolant temperature, 212° F.
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